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(54) Exhaust gas purification apparatus and method 



(57) An exhaust gas purification apparatus and 
method is applied to an internal combustion engine (12). 
The internal combustion engine generates an exhaust 
gas to be Introduced to an exhaust system (14) thereof. 
There is provided a reformer (20) and controller (40). 
The reformer (20) introduces a fuel and a part of the ex- 
haust gas and generates a reformed gas including at 
least hydrogen and the controller (40) is programmed to 



control a fuel supply amount of the fuel introduced to the 
reformer (20) and an exhaust gas Introduction amount 
of the exhaust gas introduced to the reformer (20) In ac- 
cordance with a demanded hydrogen amount of the re- 
former (20) and operating conditions of the internal com- 
bustion engine. The exhaust gas is purified while con- 
trolling the fuel supply amount and the exhaust gas in- 
troduction amount. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an exhaust s 
gas purification apparatus and method and, more par- 
ticularly, to an exhaust gas purification apparatus and 
method purifying exhaust gases exhausted from an In- 
ternal combustion engine. 

[0002] As shown In Fig. 1 of SAE Paper 931 096, it has 
been proposed to provide an exhaust gas purification 
apparatus having a reformer arranged to introduce a fu- 
el and a part of exhaust gases of an internal combustion 
engine for reforming the same. The reformer is so con- 
structed as to perform partial oxidation and steam re- 
forming by using oxygen and water contained in the ex- 
haust gases to generate a reformed gas containing hy- 
drogen from a hydrocarbon fuel. The reformed gas has 
various applications such as a fuel for the intemal com- 
bustion engine or a part of the fuel thereof, a reducing 
agent to be introduced into an exhaust system or a fuel 
for a combustor type heating device represented with a 
burner. 

SUMMARY OF THE INVENTION 

[0003] However, in the use of such a reformer, various 
situations are encountered below in detail. 
[0004] First, it is required for the reformer to be oper- 
ated so as to satisfy a demanded flow amount of the 
reformed gas which is determined according to intended 
purposes of the reformed gas and operating conditions 
of the internal combustion engine. This is due to the fact 
that a lack of the demanded flow amount of the reformed 
gas Is reflected with a reduction in an effect obtained by 
the reformed gas whereas the presence of an excessive 
flow amount of the reformed gas is reflected in a waste 
of energy consumed by the reformer. Also, even with 
the provision of an accumulating tank that temporarily 
stores an excess amount of the reformed gas, the ac- 
cumulating tank Is required to have an Increased volume 
in order to supply the reformed gas without shortage at 
all times, causing a difficulty In a design layout of the 
exhaust gas purification apparatus to be incorporated In 
a vehicle. 

[0005] Beside, it is considered that the temperature of 
the exhaust gases and the oxygen and moisture con- 
centrations thereof may vary according to the operating 
conditions of the intemal combustion engine, a variation 
in the operating performance of the reformer, a fluctua- 
tion In the amount of reformed gas and the hydrogen 
concentration. This results in a remarkable increase in 
the amount of fuel to generate the reformed gas at a 
given flow amount, causing an increased fuel consump- 
tion and fluctuation in the amount of the reformed gas 
to encounter a shortage In the amount of the reformed 
gas. 

[OOC^] The present invention has been made in view 



of the above studies and has an object to provide an 
exhaust gas purification apparatus and method which 
are able to operate a reformer at a high operating per- 
formance in accordance with operating conditions of an 
internal combustion engine so as to generate a re- 
formed gas at a flow amount to satisfy a demanded 
amount of the reformed gas. 
[0007] According to one aspect of the present Inven- 
tion, there is provided an exhaust gas purification appa- 
ratus of an Internal combustion engine. The intemal 
combustion engine generates an exhaust gas to be in- 
troduced to an exhaust system thereof. The exhaust gas 
purification apparatus comprises: a refonmer Introduc- 
ing a fuel and a part of the exhaust gas and generating 
a refomned gas Including at least hydrogen; and a con- 
troller programmed to control a fuel supply amount of 
the fuel introduced to the reformer and an exhaust gas 
introduction amount of the exhaust gas introduced to the 
reformer In accordance with a demanded hydrogen 
amount of the reformer and operating conditions of the 
internal combustion engine. The exhaust gas is purified 
while controlling the fuel supply amount and the exhaust 
gas introduction amount. 

[0008] In other words. In the present invention, an ex- 
haust gas purification apparatus of such an intemal 
combustion engine comprises: reforming means for 
generating a reformed gas including at least hydrogen 
by introducing a fuel and a part of the exhaust gas; and 
controlling means for controlling a fuel supply amount 
of the fuel introduced to the reforming means and an 
exhaust gas introduction amount of the exhaust gas in- 
troduced to the reforming means in accordance with a 
demanded hydrogen amount of the reforming means 
and operating conditions of the internal combustion en- 
gine. The exhaust gas is purified, while controlling the 
fuel supply amount and the exhaust gas introduction 
amount. 

[0009] Besides, in the present invention, an exhaust 
gas purification method of such an internal combustion 
engine generates a reformed gas Including at least hy- 
drogen by introducing a fuel and a part of the exhaust 
gas, and controls a fuel supply amount of the fuel intro- 
duced when the reformed gas is generated and an ex- 
haust gas introduction amount of the exhaust gas intro- 
duced when the reformed gas is generated in accord- 
ance with a demanded hydrogen amount demanded 
when the reformed gas is generated and operating con- 
ditions of the internal combustion engine. The exhaust 
gas is purified, while controlling the fuel supply amount 
and the exhaust gas Introduction amount. 
[0010] other and further features, advantages, and 
benefits of the present invention will become more ap- 
parent from the following description taken in conjunc- 
tion with the following drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] 

FIG. 1 is a schematic structurai view of an exhaust 
gas purification apparatus of one embodiment ac- 
cording to the present invention; 
FIGS. 2A and 2B are block diagrams illustrating 
control routines for the exhaust gas purification ap- 
paratus shown In FIG. 1 ; 

FIG. 3 is a flow chart illustrating the basic sequence 
of operational steps for the exhaust gas purification 
apparatus shown in FIG. 1 to carry out a method of 
the present invention; 

FIGS. 4A to 4D are graphs illustrating characteris- 
tics for estimating the temperature of exhaust gases 
plotted in terms of operating parameters of an inter- 
nal combustion engine of the apparatus shown FIG. 
1; 

FIGS. 5A and 5B are graphs illustrating character- 
istics for estimating an oxygen concentration and a 
hydrogen concentration plotted in terms of the op- 
erating parameters of an internal combustion en- 
gine of the apparatus shown FIG. 1 ; 
FIGS. 6A to 60 are graphs illustrating characteris- 
tics for estimating a NOx concentration plotted in 
terms of the operating parameters of an internal 
combustion engine of the apparatus shown FIG. 1 ; 
FIGS. 7A to 7C are graphs illustrating characteris- 
tics for estimating a NOx trap rate plotted in terms 
of the operating parameters of an internal combus- 
tion engine of the apparatus shown FIG. 1 ; 
FIGS. 8A to 8C are graphs illustrating reformer's op- 
erating characteristics and examples for determin- 
ing operating points In the exhaust gas purification 
apparatus shown in FIG. 1; and 
FIG. 9 is a flow chart illustrating the basic sequence 
of operational steps for an exhaust gas purification 
apparatus of another embodiment of the present in- 
vention to carry out a method of the present inven- 
tion. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0012] To describe the present invention more in de- 
tail, an exhaust gas purification apparatus of several 
embodiments of the present invention to implement a 
method for purifying exhaust gases will be explained 
with reference to the accompanied drawings below. 
[0013] Referring to FIG. 1 , there is shown an exhaust 
gas purification apparatus of an internal combustion en- 
gine (hereinafter referred to as an engine) of one em- 
bodiment according to the present invention. The ex- 
haust gas purification apparatus, generally designated 
at 1 0, is used for purifying exhaust gases to be expelled 
to the atmosphere through an exhaust gas pipe 14, ex- 
tending from an exhaust manifold of an engine 12, and 



a NOx trap catalyst device 1 6 located in the exhaust pipe 
1 4 and serving as an exhaust gas purification device to 
trap NOx compounds. To this end, the exhaust gas pu- 
rification apparatus 10 includes a reformer 20 which is 
s supplied with a fuel and exhaust gases from a fuel tank 
22 and the exhaust pipe 14 via a fuel supply conduit 24 
and an exhaust gas supply branch conduit 26, respec- 
tively. 

[001 4] The fuel tank 22 normally stores a hydrocarbon 
fuel such as gasoline or diesel fuel, which is also sup- 
plied to the engine 12 for propelling the same. The hy- 
drocarbon fuel is mixed with air to provide an air/fuel 
mixture which Is combusted in the engine 1 2 to produce 
a drive power output, with the exhaust gases being dis- 
charged to the atmosphere through the exhaust pipe 1 4 
and the NOx trap catalyst device 1 6. 
[0015] The reformer 20 reforms fuel and exhaust gas- 
es into a reformed gas containing at least hydrogen 
which is used for reducing NOx compounds contained 
in the exhaust gases to thereby purify exhaust gases in 
the NOx trap catalyst device 16 in a manner as will be 
described below in detail. 

[001 6] In order to operate the reformer 20 at the max- 
imum operating perfonnance, the exhaust gas purifica- 
tion apparatus 10 further includes a regulating section 
27 composed of an exhaust gas flow control valve 28 
and a fuel flow control valve 30, which are located in the 
branch conduit 26 and the fuel supply conduit 24, re- 
spectively, and an engine control unit 40. 
[0017] The exhaust gas flow control valve 28 is so 
constructed as to control the flow amount (introduction 
amount) of a part of the exhaust gases to be introduced 
into the reformer 20 in accordance with operating con- 
ditions of the engine 12 or the like in a manner as will 
be discussed below in detail and serves as an exhaust 
gas introduction amount adjustment means. Likewise, 
the fuel flow control valve 30 is so constructed as to con- 
trol the flow amount (supply amount) of fuel to be partly 
introduced into the reformer 20 in accordance with the 
operating conditions of the engine 12 or the like in a 
manner as will be discussed below in detail and serves 
as a fuel supply amount adjustment means. 
[0018] The reformed gas generated by the reformer 
20 is fed through a reformed gas flow passage 32 into 
a buffer tank 34, from which a part of the reformed is fed 
through a reformed gas supply control valve 36 to the 
exhaust pipe 14 at a position downstream of a junction 
between the exhaust pipe 1 4 and the branch conduit 26, 
i.e. to an upstream side of the NOx trap catalyst device 
1 6. The buffer tank 34 has a structure to temporarily ac- 
cumulate the reformed gas in a given volume and serves 
as a reformed gas accumulation means. 
[0019] The NOx trap catalyst device 16 is connected 
to the exhaust pipe 14 at a position downstream of a 
junction between the exhaust pipe 14 and the reformed 
gas flow passage 32. The NOx trap catalyst device 1 6 
is so constructed as to trap NOx compounds when an 
air/exhaust ratio remains in a lean side and to discharge 
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the trapped NOx compounds for thereby purify the ex- 
haust gases when an air/exhaust ratio remains in a the- 
oretical air/exhaust ratio (stoichiometry) or in a rich side. 
Introduction of the reformed gas through the reformed 
gas supply control valve 36 Into the NOx trap catalyst 
device 16 effectuates the reduction of the NOx com- 
pounds trapped in the NOx trap catalyst device 1 6 as 
controlled one. 

[0020] With such a structure discussed above, the re- 
former 20 Is operated at the maximum performance by 

controlling the flow amounts of fuel and exhaust gases 
to be introduced into the reformer 20 and the flow 
amount of the reformed gas to be introduced into the 
NOx trap catalyst device 1 6, at desired values in de- 
pendence on operation state information of the engine 
12. 

[0021 ] In order to achieve this end, the engine control 
unit 40 is programmed to control the exhaust gas flow 
control valve 28, the fuel flow control valve 30 and the 
reformed gas supply control valve 36 In dependence on 
engine operation state information. 
[0022] In particular, the engine control unit 40 is con- 
nected to an engine speed sensor 42, an intake air 
amount sensor 44, an air/fuel ratio sensor 45, a cooling 
water temperature sensor 46. a trapped NOx amount 
sensor 48 and an accumulated reformed gas amount 
sensor 50 to receive an engine speed Ne, an intake air 
amount Qa, an air/fuel ratio A/F, a cooling water temper- 
ature Tw, a trapped NOx amount TNOx and an accumu- 
lated reformed gas amount Tgas from the above sen- 
sors, respectively, as engine operating parameters rep- 
resenting engine operation state information. The sen- 
sors 42, 44, 45 and 46 are attached to the engine 1 2, 
and the sensor 48 is attached to the NOx trap catalyst 
device 16 while the sensor 50 Is attached to the buffer 
tank 34. 

[0023] The engine control unit 40 is programmed to 
be responsive to various engine operating parameters, 
which represent engine operation state information, to 
control an operation of the engine 12 and to control op- 
erations of the exhaust gas flow control valve 28, the 
fuel flow control valve 30 and the reformed gas supply 
control valve 36. The engine control unit 40 thus pro- 
grammed controls the control valves 28, 30 and 36 ac- 
cording to calculated results of desired target flow 
amounts, with respective calculation methods being ex- 
emplified in control block diagrams shown in FIGS. 2A 
and 2B. 

[0024] FIG. 2A is a block diagram illustrating how the 
fuel supply amount and the exhaust gas Introduction 
amount are calculated to achieve control of the fuel flow 
control valve 30 and the exhaust gas flow control valve 
28, respectively. As shown in FIG. 2A, input parameters 
including operation state information of the engine 12 
and a demanded hydrogen amount of the reformer 20 
are applied to the engine control unit 40, which deter- 
mines a target operating point for the reformer 20 in re- 
sponse to these input signals as Indicated by the block 



42. Further, the engine control unit 40 calculates the fuel 
supply amount and the exhaust gas introduction amount 
for the reformer 20 on the basis of the target operating 
point for the reformer 20 as Indicated by the block 44. 
5 [0025] FIG. 2B Is a block diagram illustrating how the 
reformed gas supply amount is controlled by using the 
reformed gas supply control valve 36. As shown in FIG. 
2B, input parameters Including operation state informa- 
tion of the engine 12 and the reformed gas supply 
amount of the reformer 20 are applied to the engine con- 
trol unit 40, which estimates a NOx trap rate, which is 
obtained by the NOx trap catalyst device 1 6, as indicted 
by the block 46 and the accumulated reformed gas 
amount of the buffer tank 34 In response to these Input 
parameters as shown by the block 48. Further, the en- 
gine control unit 40 is responsive to the estimated values 
of the trapped NOx amount and the accumulated re- 
formed gas amount for controlling the reformed gas sup- 
ply amount through the reformed gas supply control 
valve 36 as Indicated by the block 50. 
[0026] FIG. 3 is a flow chart illustrating the basic se- 
quence of operational steps of a control routine, which 
is repetitively executed for every given time period by a 
microcomputer of the engine control unit 40 in accord- 
ance with a program, for the exhaust gas purification ap- 
paratus to carry out an exhaust gas purification method 
according to the present invention. 
[0027] First in step S1 , the microcomputer of the en- 
gine control unit 40 reads out the engine operating pa- 
rameters Involving the engine speed Ne, the Intake air 
amount Qa, the air/fuel ratio A/F and the cooling water 
temperature Tw. Additionally, the microcomputer reads 
out the latest trapped NOx amount TNOx and the latest 
accumulated reformed gas amount Tgas which have 
been calculated by and stored in the latest control rou- 
tine. 

[0028] In step S2, the microcomputer estimates the 
exhaust gas temperature Tex in response to the engine 
operating parameters read out in step SI . In this con- 
nection, the engine operating parameters (Ne. Qa, A/F. 
Tw) and the exhaust gas temperature Tex have charac- 
teristic relationships shown in the graphs shown in 
FIGS. 4A to 4D. More particularly, the exhaust gas tem- 
perature Tex and the engine speed Ne have the oper- 
ating characteristic as shown in FIG. 4A. Further, the 
exhaust gas temperature Tex and the intake air amount 
Qa have the operating characteristic as shown in FIG. 
48. Furthermore, the exhaust gas temperature Tex and 
the air/fuel ratio A/F have the operating characteristic 
as shown In FIG. 40. Also, the exhaust gas temperature 
Tex and the cooling water temperature Tw have the op- 
erating characteristic as shown in FIG. 4D. These oper- 
ating characteristics are processed to preliminarily form 
a matrix table or to form map data in the engine control 
unit 40 to allow the operating characteristics to be re- 
ferred to according to the values of the engine operating 
parameters. It will thus be seen that the exhaust gas 
temperature Is readily estimated. Altematively. an ex- 
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haust gas temperature sensor may be used to detect 
the exhaust gas temperature Tex in a direct fashion. 
[0029] In step S3, the microcomputer estimates an 
exhaust oxygen concentration P02 and an exhaust 
moisture concentration PH20, contained In the exhaust 
gases, on the basis of the air/fuel ratio A/F. In this con- 
nection, the oxygen concentration degree P02 and the 
water concentration PH20 have the characteristics var- 
ying In terms of the air/fuel ratio A/F as shown in FIGS. 
5A and 5B. Therefore, the oxygen concentration P02 
and the moisture concentration PH20 can preferably be 
estimated from the air/fuel ratio A/F in the same tech- 
nique as in step 82. 

[0030] In step S4. the microcomputer estimates the 
amount ENOx of NOx content in the exhaust gases on 
the basis of the engine operating parameters (Ne, Qa, 
A/R Tw). In this connection, the engine operating pa- 
rameters (Ne, Qa, A/F, Tw) and the NOx concentration 
in the exhaust gases have characteristic relationships 
shown in the graphs shown In FIGS. 6A to 6D. More 
particularly, the NOx concentration and the engine 
speed Ne have the operating characteristic as shown in 
FIG. 6A. Further, the NOx concentration and the intake 
air amount Qa have the operating characteristic as 
shown in FIG. 6B. Furthemriore, the NOx concentration 
and the air/fuel ratio A/F have the operating character- 
istic as shown in FIG. 6C. Also, the NOx concentration 
and the cooling water temperature Tw have the operat- 
ing characteristic as shown in FIG. 6D. These operating 
characteristics are processed to estimate the NOx con- 
centration in the same technique as steps 82 and S3, 
with the NOx concentration being multiplied with the 
amount of exhaust gases to obtain the amount ENOx of 
the NOx concentration. While, also, the amount of ex- 
haust gases may be obtained by calculating the intake 
air flow amount Qa and the air/fuel ratio A/F, the intake 
air amount Qa per se may be employed for a conven- 
ience. 

[0031] In step S5, the microcomputer estimates the 
trapped NOx rate INOx of the NOx trap catalyst device 
16. The trapped NOx rate INOx represents the rate of 
the NOx trapped In the NOx trap catalyst device 1 6 and 
varies according to the operating conditions of the NOx 
trap catalyst device 16 and the exhaust gas compo- 
nents. Typical examples are plotted in the graphs shown 
in FIGS. 7A to 7C. In particular, the trapped NOx rate 
INOx varies in terms of the trapped NOx amount TNOX 
as shown by a cun/e in FIG. 7A. Further, the trapped 
NOx rate INOx varies in terms of the exhaust gas tem- 
perature Tex as plotted in a curve in FIG. 7B. Likewise, 
the trapped NOx rate INOx varies in terms of the air/fuel 
ratio A/F as shown in a curve in FIG. 7C. Thus, the 
trapped NOx rate INOx can be estimated from the 
trapped NOx amount TNOx, the exhaust gas tempera- 
ture Tex and the air/fuel ratio A/F in the same techniques 
as those in steps 82 to 84. Also, it may be possible to 
mount a detector means on the NOx trap catalyst device 
16 to directly detect the operating temperature thereof 



to allow the detected temperature to be used in place of 
the exhaust gas temperature Tex. 
[0032] As to existing NOx amount ENOx in the ex- 
haust gases, since the NOx amount to be trapped by 
5 the NOx trap catalyst device 1 6 is represented by a for- 
mula ENOx X INOx, in step S6, the microcomputer sub- 
stitutes this factor for an increment value dTNOx (dT- 
NOx ENOx X INOx). 

[0033] In step 87, due to NOx trapping operation of 

10 the NOx trap catalyst device 1 6, since the trapped NOx 
amount TNOx increases by the increment value dTNOx, 
the increment value dTNOx of the trapped NOx amount 
is added to the latest trapped NOx amount TNOx, there- 
by updating the trapped NOx amount TNOx (TNOx 4- 

15 TNOx + dTNOx). It is to be noted here that steps S6 and 
87 serve as the trapped NOx amount estimating means. 
[0034] In step SB, a demanded hydrogen amount 
dTH2, which represents the amount of hydrogen re- 
quired for reduction of the incremental value dTNOx of 

20 the trapped NOx amount, is obtained as the product of 
the incremental value dTNOx of the trapped NOx 
amount and the coefficient K (dTH2 = dTNOx x K). 
Thus, the step 88 serves as a calculation means for cal- 
culating the demanded hydrogen amount. Here, the 

25 symbol K refers to a hydrogen conversion value of NOx, 
i.e. the amount of hydrogen required for the reduction 
of the NOx per unit amount. Thus, step 88 makes it pos- 
sible to prepare the hydrogen gas at all times necessary 
for reduction of the trapped NOx. 

30 [0035] In step S9, a reformer operating characteristic 
map (i.e. a characteristic map of a hydrogen production 
amount in terms of the fuel supply amount and the ex- 
haust gas introduction amount) is obtained from the ex- 
haust gas temperature Tex and the air/fuel ratio A/F. Ex- 

35 amples of the reformer operating characteristic maps 
are shown by graphs in FIGS. 8A to 80 wherein the fuel 
supply amounts are plotted in terms of the exhaust gas 
introduction amount and the refomied gas production 
amount In conjunction with the varying exhaust gas tem- 

^ peratures and the varying air/fuel ratios. As will be ap- 
parent from these graphs, since the reformer will oper- 
ate under operating characteristics which are different 
from one another in dependence on the exhaust gas 
temperature Tex and the air/fuel ratio (i.e. the oxygen 

45 and water concentrations in the exhaust gases), in step 
89, the microcomputer selects the operating character- 
istic maps different from one another according to the 
exhaust gas temperature Tex and the air/fuel ratio A/F. 
[0036] Among the examples of the operating charac- 

50 teristic maps shown in FIGS. 8A to 80, the operating 
characteristic map of FIG. 8A is selected in a case when 
the exhaust gas temperature Tex remains at a low level 
and the air/fuel ratio fiJF remains at a low level. The op- 
erating characteristic map of FIG. 88 is selected under 

55 a condition where the exhaust gas temperature Tex re- 
main at a high level and the air/fuel ratio A/F remains at 
the low level. The operating characteristic map of FIG. 
80 is selected under a condition where the exhaust gas 
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temperature Tex remain at a high level and the air/fuel 
ratio A/F remains at a high level. In an alternative tech- 
nology, such operating characteristic maps, which serve 
as base references, respectively, may be corrected ac- 
cording to the above factors, thereby extracting correct- 
ed operating characteristic maps corresponding to 
these factors. Also, the temperature detector means 
may be provided to detect the temperature of the reform- 
er to generate a temperature detection signal, which is 
used in place of the exhaust gas temperature Tex when 
obtaining the operating characteristic maps. Further, in 
stead of employing the air/fuel ratio A/F, it may be pos- 
sible for the operating characteristic maps to be ob- 
tained by using the oxygen concentration P02 and the 
moisture concentration PH20 of the exhaust gases. 
[0037] In step SI 0, the microcomputer determines the 
reformer's target operating point, i.e. the fuel supply 
amount dFf uel and the exhaust gas introduction amount 
dFexh, from* the demanded hydrogen production 
amount dTH2 obtained In step S8, on the basis of the 
reformer operating characteristic maps obtained in step 
S9. 

[0038] As seen from the reformer's operating charac- 
teristic maps shown in FIGS. 8A to 8C. although there 
are large number of combinations the fuel supply 
amount and the exhaust gas introduction amount ap- 
pearing on an equivalent hydrogen production line in or- 
der to obtain a production of a certain amount of hydro- 
gen, it is preferable to operate the engine at a low vol- 
ume of fuel supply amount in view of minimizing fuel 
consumption. Also, it is preferable for the exhaust gas 
introduction amount (i.e. the volume of the reformed 
gas)to be maintained at a lower value to minimize the 
volume of the buffer tank 34 in view of an overall layout 
of the exhaust gas purification apparatus to be mounted 
on a vehicle. 

[0039] As a consequence, in step S1 0, desired points, 
which satisfy the above factors, are obtained on the 
equivalent hydrogen production line representing the 
demanded hydrogen amount dTH2. FIGS. 8A to 8C 
show various graphs illustrating determined examples 
of the target operating points (i.e. the fuel supply amount 
dFfuel and the exhaust gas introduction amount dFexh) 
of the reformer in a case where given demanded hydro- 
gen amount dTH2 under various operating conditions. 
Also, when determination for the target operating points 
has been completed, a current reformed gas amount 
dTgas is obtained from the operating characteristic 
maps. 

[0040] In step S1 1 , the fuel flow control valve 30 and 
the exhaust gas flow control valve 28 are driven in re- 
sponse to the determined results (the fuel supply 
amount dFfuel and the exhaust gas introduction amount 
dFexh) obtained in step S10, thereby allowing the fuel 
and the exhaust gases to be supplied to the refomner 20 
at respective controlled flow amounts. Steps S9 to S11 
are implemented with the fuel flow control valve 30 and 
the exhaust gas flow control valve 28 to serve with these 



components as a fuel supply amount regulating means 
and an exhaust gas introduction amount regulating 
means. Upon receipt of the fuel and exhaust gases, the 
reformer 30 generates the reformed gas which is tem- 
5 porarily accumulated in the buffer tank 34. 

[0041] In step SI 2, the reformed gas amount dTgas 
which is currently generated is added to the latest ac- 
cumulated reformed gas amount Tgas, thereby updat- 
ing the accumulated reformed gas amount Tgas (Tgas 
Tgas + dTgas). This step S12 serves as a refomied 
gas accumulation amount estimating means. 
[0042] By the way, since there is a limit in the amount 
of NOx to be trapped in the NOx trap catalyst device 16 
and, if the amount of NOx exceeds the trapping capacity, 
the NOx compounds are exhausted to a downstream 
side of the NOx trap catalyst device 16, it is desirable 
for the NOx trap catalyst device 1 6 to be removed from 
the vehicle body and to be cleaned up prior to an in- 
crease of the NOx amount to an upper limit. 
[0043] To achieve this end, in step SI 3, the microcom- 
puter discriminates whether the trapped NOx amount 
TNOx exceeds the upper limit TNOxMax or is below the 
same. Here, the upper limit TNOxMax is referred to the 
trapped NOx amount that provides a difficulty in obtain- 
ing a given NOx trap rate. 

[0044] In case of "YES", the operation goes to step 
S1 5 for opening the reformed gas supply control valve 
36 to allow the reformed gas in the buffer tank 34 to be 
supplied to the exhaust pipe 14 at the upstream side of 
the NOx catalyst device 1 6, thereby allowing the trapped 
NOx in the NOx trap catalyst device 16 to be reduced 
and purified with hydrogen contained in the reformed 
gas. 

[0045] On the contrary, in case of "NO", the operation 
goes to step SI 4 to implement another discrimination 
step. Since the volume of the buffer tank 34 is limited 
and the reformed gas exceeding the limited volume can 
not be accumulated. While, also, it is desired for the vol- 
ume of the buffer tank 34 to be determined according to 
the max NOx amount necessary for execute the reduc- 
tion at one time, there might be some instances where 
the hydrogen concentration is brought into a low level 
depending on the engine operating conditions to cause 
the reformed gas to increase in an excessive volume. 
[0046] To address this issue, in step SI 4, the micro- 
computer discriminates whether the buffer tank 34 re- 
mains in an overflow state or in a normal state, i.e. 
whether the reformed gas accumulation amount Tgas 
exceeds the given upper limit value TgasMax corre- 
sponding to the volume of the buffer tank 34 or is below 
the same. 

[0047] In case of "YES", the operation goes to step 
SI 5 for opening the reformed gas supply control valve 
36 to allow the reformed gas in the buffer tank 34 to be 
supplied to the exhaust pipe 14 at the upstream side of 
the NOx catalyst device 1 6, thereby allowing the trapped 
NOx in the NOx trap catalyst device 16 to be reduced 
and purified with hydrogen contained in the reformed 
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gas in a manner as previously described. 
[0048] On the contrary, in case of "NO", the operation 
goes to step SI 7 for rendering the reformed gas supply 
control valve 36 in a closed state, thereby completing 
the current routine. Here, steps SI 3 to SI 7 sen/e in 
combination with the reformed gas supply control valve 
36 as a reformed gas supply control means. 
[0049] Also, after opening the reformed gas supply 
control valve 36 in step SI 5 to discharge the reformed 
gas, the operation goes to step SI 6 for rendering the 
trapped NOx amount TNOx and the accumulated re- 
formed gas amount Tgas to be cleared at "0", thereby 
completing the current routine. 
[0050] FIG. 9 is a flow chart illustrating the basic se- 
quence of operation of a control routine of an exhaust 
gas purification apparatus of another embodiment of the 
present invention to carry out another method of the 
present Invention, with lilce parts bearing the same ref- 
erence numerals as those used in the apparatus of the 
embodiment shown in FIG. 1. 
[0051] Steps S21 to S27 are identical with steps SI 
to S7 and, therefore, a detailed description of these 
steps is herein omitted for the sake of simplicity. How- 
ever, in step S21 . the accumulated hydrogen amount 
TH2 of the buffer tank 34, which has been calculated 
and stored in the latest routine, is read out. 
[0052] In step 828, the microcomputer calculates the 
demanded hydrogen amount dTH2 by adding the hy- 
drogen amount of TNOx x K necessary for the reduction 
of the trapped NOx amount TNOx trapped in the NOx 
trap catalyst device 1 6 and the hydrogen amount of T02 
X L to be consumed by the oxygen T02 contained in 
the exhaust gases when supplying the reformed gas to 
the exhaust pipe 14 to obtain the sum and by subse- 
quently subtracting the accumulated hydrogen amount 
TH2 of the buffer tank 34 from the sum (dTH2<-TNOx 
X K + T02 X L - TH2). Step S28 serves as a demanded 
hydrogen amount calculation means. Also, it seems that 
the oxygen T02 has a component such as oxygen con- 
tained in the exhaust gases and oxygen absorbed in a 
NOx trap catalyst of the device 16 and can be obtained 
on the basis of the air/fuel ratio A/F. The symbol L rep- 
resents the hydrogen amount conversion value, i.e. the 
amount of hydrogen to be consumed by oxygen per unit 
amount. Step for obtaining the product of T02 x L cor- 
responds to a consumed hydrogen estimating means. 
Upon consideration of the product of T02 x L in such a 
manner, it is possible to prevent the amount of hydro- 
gen, required for reduction of the NOx compounds, from 
suffering a lack In volume. 

[0053] Steps S29 to S31 are identical to steps S9 to 
S11 of FIG. 3 and, therefore, a detailed description of 
the same is omitted. However, in step S30, while the 
operation is executed to calculate the fuel supply 
amount dFf uel and the exhaust gas introduction amount 
dFexh to obtain the reformer's target operating point, 
calculation of the reformed gas amount dTgas is not im- 
plemented unlike step SIC. 



[0054] In step S32, the reformer's target operating 
point is obtained by detecting a real fuel supply amount 
dRFuel and a real exhaust gas introduction amount 
dRexh. In consecutive step S33, further, the microcom- 

5 puter calculates the reformed gas amount dTgas and 
the hydrogen production amount dTH2 on the basis of 
the real fuel supply amount dRfuel and the real exhaust 
gas introduction amount dRexh. Even with these steps, 
if it is difficult to obtain the flow amount with a target val- 

10 ue because of the engine operating conditions and the 
operating characteristics of the control valves, etc., it is 
possible to detect the actual operating point, thereby 
rendering it possible to accurately obtain the reformed 
gas amount dTgas and the hydrogen production amount 

IS dTH2. 

[0055] Step S34 is identical with step SI 2 of FIG. 3 
and a detailed description of the same is omitted. 
[0056] In step S35, the microcomputer adds the hy- 
drogen production amount dTH2 which is currently ac- 
cumulated to the accumulated hydrogen TH2 of the buff- 
er tank 34, thereby updating the accumulated hydrogen 
TH2 (TH2 TH2 + dTH2). Step 35 corresponds to an 
accumulated hydrogen amount estimating means. 
[0057] Subsequent steps S36 to S40 are identical as 
steps SI 3 to SI 7 and a detailed description of the same 
is herein omitted. However, in step S39, the reformed 
gas supply control valve 36 is opened to allow the re- 
formed gas in the buffer tank 34 to be discharged and, 
thereafter, the trapped NOx amount TNOx. the accumu- 
lated reformed gas amount Tgas and the accumulated 
hydrogen gas amount TH2 are cleared to "0". 
[0058] With such a structure of the present embodi- 
ment, even In a case where the reformer 20 can not per- 
form the operation at an intended target, such a phe- 
nomenon can be effectively considered in the demand- 
ed hydrogen amount during subsequent computation of 
the various factors to provide a corrected value, for 
thereby minimizing the overshooting or undershooting 
phenomenon of the hydrogen production amount. 
[0059] It will now be understood from the foregoing 
embodiments of the present invention, an important ad- 
vantage of the exhaust gas purification apparatus and 
method of the present invention concerns a capability 
of regulating the fuel supply amount and the exhaust gas 
introduction amount In accordance with a demanded hy- 
drogen amount and operating conditions of the internal 
combustion engine to allow the reformer to be operated 
at a maximum operating performance to enable supply 
of the reformed gas at the demanded flow amount. 
[0060] Another important advantage of the exhaust 
gas purification apparatus and method of the present 
invention concerns the fuel flow control valve, the ex- 
haust gas flow control valve and the control unit pro- 
grammed to control the fuel flow control valve and the 
exhaust gas flow control valve in dependence on the de- 
manded hydrogen amount and the operating conditions 
of the engine to enable a reliable operation of the re- 
former in a simplified structure. 
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[0061] Another Important advantage of the exhaust 
gas purification apparatus and method of the present 
invention involves the use of the demanded hydrogen 
amount in combination with the temperature of the ex- 
haust gases and the air/fuel ratio for regulating the fuel 5 
supply amount and the exhaust gas introduction amount 
to allow the reformer to be supplied with the fuel, the 
oxygen and the moisture at the flow amounts, necessary 
for the demanded hydrogen amount, in dependence on 
the various operating conditions of the engine. io 
[0062] Another important advantage of the exhaust 
gas purification apparatus and method of the present 
invention involves the capability of regulating the fuel 
supply amount such that the fuel supply amount is de- 
creased to the substantially minimum value in terms of is 
the demanded hydrogen amount, thereby enabling a 
decreased fuel consumption in the reformer to prevent 
deterioration in a fuel economy. 
[0063] Another Important advantage of the exhaust 
gas purification apparatus and method of the present 20 
invention involves the capability of regulating the 
amount of the reformed gas such that the amount of the 
reformed gas Is decreased to the substantially minimum. .1 
value in terms of the demanded hydrogen amount, i.e. > 
to maximize the hydrogen concentration in the refonned 25 
gas. This allows the reformed gas to be generated at a 
high concentration with a decreased production 
amount, with a resultant decrease in the volume of the 
buffer tank that temporarily stores the reformed gas. 
[0064] Another important advantage of the exhaust 30 
gas purification apparatus and method of the present 
Invention concerns the exhaust gas purifying device 
composed of the NOx trap catalyst device connected to 
the exhaust pipe to allow the reformed gas to be intro- 
duced into the exhaust gases at the position upstream 35 
of the catalyst at the desired flow amount for thereby 
increasing the purification performance of the reformer. 
[0065] Another important advantage of the exhaust 
gas purification apparatus and method of the present 
invention concerns the capability wherein the amount of ^0 
NOx compounds trapped by the catalyst is estimated 
and the demanded hydrogen amount of the reformer Is 
calculated on the basis of the estimated value of the 
amount of NOx compounds trapped by the catalyst for 
thereby enabling the reformer to generate the refomned 45 
gas containing the hydrogen with an amount required 
for the reduction of the NOx compounds. 
[0066] Another important advantage of the exhaust 
gas purification apparatus and method of the present 
invention involves the capability of calculating the de- so 
manded hydrogen amount according to the varying val- 
ue of the amount of NOx compounds trapped by the cat- 
alyst, allowing the reformed gas to be temporarily stored 
in the buffer tank to enable storage of the hydrogen In 
the amount necessary for the reduction of the NOx com- ss 
pounds trapped In the catalyst at all times even when 
supplying the reformed gas Into the exhaust system. 
[0067] Another important advantage of the exhaust 



gas purification apparatus and method of the present 
invention involves the capability of estimating the accu- 
mulated hydrogen gas amount of the reformed gas ac- 
cumulation means to allow the demanded reformed gas 
amount to be calculated In dependence on the amount 
of NOx compounds trapped by the catalyst and the hy- 
drogen accumulation amount of the reformed gas accu- 
mulation means, thereby enabling the demanded re- 
formed gas to be suitably corrected on the basis of the 
trapped NOx compounds even in the presence of the 
difference between the demanded hydrogen amount re- 
quired for the NOx reduction and the amount of the ac- 
cumulated hydrogen. 

[0068] Also, another Important advantage of the ex- 
haust gas purification apparatus and method of the 
present invention Involves the capability of estimating 
the amount of hydrogen to be consumed by oxygen after 
supplying the reformed gas into the exhaust pipe and 
calculating the demanded hydrogen amount by adding 
the estimated amount of hydrogen to be consumed by 
the oxygen, thereby preventing a shortage of the 
amount of hydrogen required for the NOx reduction 
even when the hydrogen is consumed in reaction with 
the oxygen present in the exhaust gases. 
[0069] Still also, another important advantage of the 
exhaust gas purification apparatus and method of the 
present invention involves the capability of temporarily 
accumulating the reformed gas, estimating the reformed 
gas accumulation amount of the reformed gas accumu- 
lation means, and controlling the supply of the refonned 
gas Into the exhaust pipe In dependence on the amount 
of NOx compounds trapped by the catalyst and the re- 
formed gas accumulation amount of the reformed gas 
accumulation means, enabling the reformed gas to be 
supplied prior to the presence of the amount of trapped 
NOx compounds and the reformed gas accumulation 
amount Increasing to the respective upper limits for 
thereby preventing a deterioration In the purification of 
the exhaust gases and in the operating performance of 
the purification device. 

[0070] The entire content of a Patent Application No. 
TOKUGAN 2000-365234 with a filing date of November 
30, 2000 In Japan is hereby Incorporated by reference. 
[0071] Although the invention has been described 
above by reference to certain embodiments of the in- 
vention, the invention is not limited to the embodiments 
described above. Modifications and variations of the 
embodiments described above will occur to those skilled 
in the art, in light of the teachings. The scope of the in- 
vention is defined with reference to the following claims. 



Claims 

1 . An exhaust gas purification apparatus of an internal 
combustion engine (12), the internal combustion 
engine generating an exhaust gas to be Introduced 
to an exhaust system (14) thereof, comprising: 
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a reformer (20) Introducing a fuel and a part of 
the exhaust gas and generating a reformed gas 
including at least hydrogen; and 
a controller (40) programmed to control a fuel 
supply amount of the fuel introduced to the re- s 
former and an exhaust gas introduction amount 
of the exhaust gas introduced to the reformer 
in accordance with a demanded hydrogen 
amount of the reformer and operating condi- 
tions of the intemal combustion engine, io 

wherein the exhaust gas is purified while con- 
trolling the fuel supply amount and the exhaust gas 
introduction amount. 

15 

An exhaust gas purification apparatus according to 
claim 1 , wherein the operating conditions of the in- 
temal combustion engine (12) include an exhaust 
gas temperature of the internal combustion engine 
and an air/fuel ratio of the internal combustion en- 20 
gine as engine operating parameters. 

An exhaust gas purification apparatus according to 
claim 1 or 2, further comprising: . > 

25 

a fuel flow control valve (30) regulating the fuel 
supply amount; and 

an exhaust gas flow control valve (28) regulat- 
ing the exhaust gas introduction amount. 

30 

wherein the controller (40) controls the fuel 
supply amount and the exhaust gas introduction 
amount through the fuel flow control valve and the 
exhaust gas flow control valve in accordance with 
the demanded hydrogen amount, the exhaust gas 35 
temperature and the air/fuel ratio. 

An exhaust gas purification apparatus according to 
any of claims 1 to 3, wherein the controller (40) is 
operative to control the fuel supply amount such 40 
that the fuel supply amount is decreased to a sub- 
stantially minimum value with respect to the de- 
manded hydrogen amount. 

An exhaust gas purification apparatus according to 45 
any of claims 1 to 3, wherein the controller (40) is 
operative to control an amount of the reformed gas 
generated by the reformer such that the amount of 
the reformed gas is decreased to a substantially 
minimum value with respect to the demanded hy- so 
drogen amount. 

An exhaust gas purification apparatus according to 
any of claims 1 to 3. wherein a NOx trap catalyst 
device (16) is provided to the exhaust system (14) 55 
to have an operating property which traps NOx 
compounds contained in the exhaust gas during a 
lean condition of the air/fuel ratio of the exhaust gas 



and discharges trapped NOx compounds during a 
stoichiometry condition of the air/fuel ratio or during 
a rich condition of the air/fuel ratio, 

and wherein the reformed gas is supplied to 
an upstream of the NOx trap catalyst device. 

7. An exhaust gas purification apparatus according to 
claim 6, wherein the controller (40) estimates an 
amount of the NOx compounds.trapped by the NOx 
trap catalyst device (16) and calculates the de- 
manded hydrogen amount In accordance with the 
amount of the NOx compounds trapped by the NOx 
trap catalyst device. 

8. An exhaust gas purification apparatus according to 
claim 6, wherein the controller (40) calculates the 
demanded hydrogen amount In accordance with a 
varying value of the amount of the NOx compounds 
trapped by the NOx trap catalyst device (16). 

9. An exhaust gas purification apparatus according to 
claim 6, further comprising an accumulation device 
(34) temporarily accumulating the reformed gas, 

wherein the controller (40) estimates an 
amount of the hydrogen accumulated by the accu- 
mulation device and calculates the demanded hy- 
drogen amount In accordance with the amount of 
the NOx compounds trapped by the NOx trap cat- 
alyst device (16) and the amount of the hydrogen 
accumulated by the accumulation device. 

10. An exhaust gas purification apparatus according to 
claim 6, wherein the controller (40) estimates an 
amount of the hydrogen consumed by oxygen after 
supplying the reformed gas into the exhaust system 
(14) and calculates the demanded hydrogen 
amount by adding the amount of the hydrogen con- 
sumed by the oxygen. 

11. An exhaust gas purification apparatus according to 
claim 6, further comprising an accumulation device 
(34) temporarily accumulating the reformed gas, 

wherein the controller (40) estimates an 
amount of the reformed gas accumulated by the ac- 
cumulation device and controls to supply the re- 
formed gas to the upstream of the NOx trap catalyst 
device (16) in accordance with the amount of the 
NOx compounds trapped by the NOx trap catalyst 
device and the amount of the reformed gas accu- 
mulated by the accumulation device. 

12. An exhaust gas purification apparatus of an internal 
combustion engine (12), the internal combustion 
engine generating an exhaust gas to be introduced 
to an exhaust system (14) thereof, comprising: 

reforming means (20) for generating a re- 
formed gas including at least hydrogen by in- 
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troducing a fuel and a part of the exhaust gas; 
and 

controlling means (40) for controlling a fuel sup- 
ply amount of the fuel introduced to the reform- 
ing means and an exhaust gas introduction 5 
amount of the exhaust gas introduced to the re- 
forming means in accordance with a demanded 
hydrogen amount of the reforming means and 
operating conditions of the internal combustion 
engine. io 

wherein the exhaust gas is purified, while con- 
trolling the fuel supply amount and the exhaust gas 
introduction amount. 



13. An exhaust gas purification method of an internal 
combustion engine, the internal combustion engine 
(12) generating an exhaust gas to be introduced to 
an exhaust system (44) thereof, comprising: 



15 



20 



generating a reformed gas including at least hy- 
drogen by Introducing a fuel and a part of the 
exhaust gas; and 

controlling a fuel supply amount of the fuel in- 
troduced when the reformed gas is generated 25 
and an exhaust gas introduction amount of the 
exhaust gas Introduced when the reformed gas 
Is generated in accordance with a demanded 
hydrogen amount demanded when the re- 
formed gas is generated and operating condi- 30 
tions of the internal combustion engine, 

wherein the exhaust gas is purified, while con- 
trolling the fuel supply amount and the exhaust gas 
introduction amount. 35 
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